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(54) POLYSTYRENE RESIN COMPOSITION 

(57) A resin composition comprising polystyrene 
having the syndiotactic configuration (SPS) which 
shows improved heat stability in heat molding at a high 
temperature while the excellent characteristics of SPS, 
such as heat resistance, chemical resistance and 
mechanical strength, are maintained, and a molded arti- 
cle of SPS showing improved resistance to heat aging 
after use at a high temperature for a long time are pro- 
vided. 

The resin composition is obtained by adding a com- 
bination of a phenolic antioxidant and an antioxidant 
containing phosphorus to SPS. The molded article is 
obtained by using the resin composition as the material. 
Additional use of an antioxidant containing sulfur gives 
more excellent improvement The composition may fur- 
ther contain another thermoplastic resin and/or rubber 
elastomer, a polymer exhibiting compatibility with or 
affinity for SPS and having a polar group, and/or an inor- 
ganic filler in accordance with necessity. 
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Description 
TECHNICAL FIELD 

5 The present invention relates to a polystyrenic resin composition which comprises a styrenic polymer having the 

syndiotactic configuration as the main component, and a molded article thereof. More particularly, the present invention 
relates to a polystyrenic resin composition which has excellent heat resistance, chemical resistance, and mechanical 
strength, and shows excellent heat stability, such as small decrease in mechanical strength and little discoloration, in 
heat molding at a relatively high temperature, and a molded article prepared by using this polystyrenic resin composi- 

io tion which shows excellent resistance to heat aging, such as small decrease in physical properties and little discolora- 
tion, after use at a high temperature for a long time. 

BACKGROUND ART 

75 Styrenic polymers having the syndiotactic configuration (hereinafter, referred to as SPS, occasionally) show excel- 
lent heat resistance, chemical resistance, and water resistance. Particularly, SPS has been widely used as the material 
for various types of molded article to which heat resistance is required because of the excellent heat resistance. 

On the other hand, the temperature of heat molding of SPS is higher than conventional thermoplastic resins 
because of the proper characteristic of SPS. The temperature of the resin during the molding reaches about 300°C. A 

20 still higher temperature or a longer residence time in a heated apparatus is sometimes required depending on the con- 
dition of molding. When SPS is used singly, a problem arises under such a severe condition in that the resin is degraded 
by the action of heat and oxygen although SPS has the excellent heat resistance as described above, and a molded 
article showing decrease in physical properties, such as mechanical strength, and inferior appearance, such as discol- 
oration, tends to be obtained. 

25 Similarly, when a molded article prepared by the single use of SPS is exposed to the air for a long time at a high 

temperature, a problem arises in that the resin is degraded by the action of heat and oxygen, and the molded article 
tends to show decrease in physical properties, such as mechanical strength, and inferior appearance, such as discol- 
oration. 

For solving the above problems, the present inventors have proposed a resin composition comprising SPS which 
30 additionally contains a phenolic antioxidant (Japanese Patent Application No. Heisei 5(1 993)-289,290) and a resin com- 
position comprising SPS which additionally contains a phenolic antioxidant and an antioxidant containing sulfur (Japa- 
nese Patent Application No. Heisei 6(1994)-384). However, the above problems have not been solved sufficiently. 

DISCLOSURE QF THE INVENTION 

35 

In the above circumstances, the present inventors studied intensively to develop a resin composition comprising 
SPS which shows improved heat stability with respect to mechanical properties, appearance, and color in heat molding 
at a high temperature while the excellent characteristics of SPS are maintained, and a molded article of SPS which 
shows improved resistance to heat aging with respect to mechanical properties, appearance, and color after use in the 

40 air at a high temperature for a long time. 

As the result of the above studies, it was found that the above object can be achieved by adding a combination of 
a phenolic antioxidant and an antioxidant containing phosphorus or a combination of a phenolic antioxidant, an antioxi- 
dant containing phosphorus, and an antioxidant containing sulfur to SPS or to a resin comprising SPS and other resins 
where desired. The present invention was completed based on this knowledge. 

45 Accordingly, the present invention provides a resin composition which is represented by following Polystyrenic resin 

compositions 1 to 6, and a molded articles prepared by using any of these resin compositions. 

[Polystyrenic resin composition 1] 

so A polystyrenic resin composition which comprises 100 parts by weight of (A) (a-1) a styrenic polymer having the 
syndiotactic configuration, 0.005 to 5.0 parts by weight of (B) a phenolic antioxidant, and 0.005 to 5.0 parts by weight 
of an antioxidant containing phosphorus. 

[Polystyrenic resin composition 2] 

55 

A polystyrenic resin composition which comprises 100 parts by weight of (A) a resin comprising 1 to 99 % by weight 
of (a-1) a styrenic polymer having the syndiotactic configuration and 99 to 1 % by weight of (a-2) a thermoplastic resin 
and/or a rubbery elastomer; 0.005 to 5.0 parts by weight of (B) a phenolic antioxidant; and 0.005 to 5.0 parts by weight 
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of (C) an antioxidant containing phosphorus. 
[Polystyrenic resin composition 3) 

A polystyrenic resin composition comprising 1 00 parts by weight of (A) a resin comprising 99.9 to 90.0 % by weight 
of (a-1) a styrenic polymer having the syndiotactic configuration and 0.1 to 10.0 % by weight of (a-3) a polymer exhibit- 
ing compatibility with or affinity for component (a-1) and having a polar group; 0.005 to 5.0 parts by weight of (B) a phe- 
nolic antioxidant; and 0.005 to 5.0 parts by weight of (C) an antioxidant containing phosphorus. 

[Polystyrenic resin composition 4] 

A polystyrenic resin composition which comprises 100 parts by weight of (A) a resin obtained by mixing 100 parts 
by weight of a resin comprising 1 to 99 % by weight of (a-1) a styrenic polymer having the syndiotactic configuration and 
99 to 1 % by weight of (a-2) a thermoplastic resin and/or a rubbery elastomer with 0.1 to 10.0 parts by weight of (a-3) 
a polymer exhibiting compatibility with or affinity for component (a-1) and having a polar group; 0.005 to 5.0 parts by 
weight of (B) a phenolic antioxidant; and 0.005 to 5.0 parts by weight of (C) an antioxidant containing phosphorus. 

[Polystyrenic resin compositions 1 to 4] 

Above Polystyrenic resin compositions 1 to 4, wherein the phenolic antioxidant of component (B) is preferably rep- 
resented by general formula (I) which is shown later; and the antioxidant containing phosphorus of component (C) is 
preferably represented by general formula (II) which is shown later.. 

[Polystyrenic resin composition 5] 

A polystyrenic resin composition which comprises 100 parts by weight of the resin of component (A) described in 
any of 1 to 4, 0.005 to 5.0 parts by weight of (B) a phenolic antioxidant. 0.005 to 5.0 parts by weight of (C) an antioxidant 
containing phosphorus, and 0.005 to 5.0 parts by weight of (D) an antioxidant containing sulfur. 

Above Polystyrenic resin composition 5. wherein the phenolic antioxidant of component (B) is preferably repre- 
sented by general formula (I) which is shown later; the antioxidant containing phosphorus of component (C) is prefera- 
bly represented by general formula (II) which is shown later; and the antioxidant containing sulfur of component (D) is 
preferably represented by general formula (III) which is shown later. 

[Polystyrenic resin composition 6] 

A polystyrenic resin composition which comprises 100 parts by weight of any of Polystyrenic resin compositions 1 
to 5 and 1 to 350 parts by weight of (E) an inorganic filler. 

[A molded article of a polystyrenic resin composition] 

A molded article which is prepared by using any of Polystyrenic resin compositions 1 to 6. 

THE MOST PREFERRED EMBODIMENT TO CARRY OUT THE INVENTION 

The resin of component (A) used in the polystyrenic resin composition of the present invention comprises (a-1) a 
styrenic resin having the syndiotactic conf iguration as the essential component and at least one of (a-2) a thermoplastic 
resin and/or a rubbery elastomer and (a-3) a polymer exhibiting compatibility with or affinity for component (a-1) and 
having a polar group as the optional component. Therefore, one of components (a-2) and (a-3) alone may be com- 
prised, or both may be comprised. 

The syndiotactic configuration of SPS of component (a-1) means that the stereochemical structure has a highly 
syndiotactic configuration. In other words, phenyl groups and substituted phenyl groups of the side groups are alter- 
nately placed at the opposite positions with respect to the main chain formed with the carbon-carbon bonds. The tac- 
ticity in the stereochemical structure is quantitatively determined by the measurement of the nuclear magnetic 
resonance using an isotope of carbon ( 13 C-NMR). The tacticity measured by the 13 C-NMR method can show the con- 
tent of a sequence in which a specific number of the constituting units are bonded in sequence, such as a diad in which 
two constituting units are bonded in sequence, a triad in which three constituting units are bonded in sequence, and a 
pentad in which five constituting units are bonded in sequence. In the present invention, ''the styrenic polymer having 
the syndiotactic configuration" means polystyrene, a poly(alkylstyrene). a poly(ha!ogenated styrene). a poly(halogen- 
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ated aikylstyrene), a poly(alkoxystyrene), a poly(vinylbenzoic acid ester), a hydrogenated derivative of these polymers, 
a mixture of these polymers, or a copolymer containing constituting units of these polymers as the main components, 
which generally has the syndiotacticity of 75 % or more, preferably 85 % or more, expressed in terms of the content of 
the racemic diad, or 30 % or more, preferably 50 % or more, expressed in terms of the content of the racemic pentad. 

Examples of the poly(alkylstyrene) include poly(methylstyrene), poly(ethylstyrene), poly(isopropylstyrene), 
poly(tertiary-butylstyrene), poly(phenylstyrene), poly(vinylnaphthalene), and poly(vinylstyrene). Examples of the 
poly(halogenated styrene) include poly(chlorostyrene), poly(bromostyrene), and poly(fluorostyrene). Examples of the 
poly(halogenated aikylstyrene) include poly(ch!oromethylstyrene). Examples of the poly(alkoxystyrene) include 
poly(methoxystyrene) and poly(ethoxystyrene). 

Particularly preferable examples of SPS described above include polystyrene, poly(p-methylstyrene), poly(m-meth- 
ylstyrene), poly(p-tertiary-butylstyrene), poly(p-chlorostyrene), poly(m-chlorostyrene), poly(p-fluorostyrene), hydrogen- 
ated polystyrene, and copolymers containing constituting units of the above polymers. 

The above styrenic polymer can be used singly or as a combination of two or more types. 

The molecular weight of the styrenic polymer is not particularly limited. The weight-average molecular weight is 
preferably 10,000 or more, more preferably 50,000 or more. When the weight-average molecular weight is less than 
10,000, properties under heating and mechanical properties of the obtained composition or the molded products 
obtained from the composition are occasionally decreased, and such a weight-average molecular weight is not prefer- 
able. 

The molecular weight distribution is not particularly limited, and SPS having various molecular weight distribution 
can be used. 

SPS can be produced by polymerizing a styrenic monomer (a monomer corresponding to the repeating unit in 
SPS) in an inert hydrocarbon solvent or in the absence of solvents by using a titanium compound and a condensation 
product of water and trialkylaluminum as the catalyst (Japanese Patent Application Laid-Open No. Showa 62(1987)- 
187,708). The above poly(halogenated aikylstyrene) can be produced in accordance with the process described in the 
specification of Japanese Patent Application Laid-Open No. Heisei 1 (1 989)-46,912, and the above hydrogenated deriv- 
ative of the polymer described above can be produced in accordance with the process described in the specification of 
Japanese Patent Application Laid-Open No. Heisei 1(1989)-1 78,505. 

Component (a-2) is a thermoplastic resin and/or a rubbery elastomer. As the thermoplastic resin of component (a- 
2), any thermoplastic resin can be used except thermoplastic resins used as component (a-1) described above or com- 
ponent (a-3) described later. 

Examples of the thermoplastic resin of component (a-2) include styrenic polymers, such as polystyrene having the 
atactic configuration, polystyrene having the isotactic configuration, AS resins, and ABS resins; polyester resins, such 
as polyethylene terephthalate, polyethylene naphthalate, and polycarbonates; poly(thio)ether resins, such as polyphe- 
nyiene ether, polyphenylene sulfide, and polyoxymethylene; sulfonic resins, such as polysulfone and polyether sulfone; 
acrylic resins, such as polyacrylic acid, polyacryiic esters, and polymethyl methacrylate; olefinic polymers, such as pol- 
yethylene, polypropylene, polybutene, poly-4-methylpentene-1 , and ethylene-propylene copolymer; polymers contain- 
ing a halogen, such as polyvinyl chloride, polyvinylidene chloride, and polyvinylidene fluoride; and polyamide resins. 

Examples of the rubbery elastomer of component (a-2) include natural rubber, polybutadiene. polyisoprene. 
polyisobutylene, neoprene, polysulfide rubber, thiokol rubber, acrylic rubber, urethane rubber, silicone rubber, epichlo- 
rohydrin rubber, styrene-butadiene block copolymer (SBR), hydrogenated styrene-butadiene copolymer (SEB), sty- 
rene-butadiene-styrene block copolymer (SBS), hydrogenated styrene-butadiene-styrene block copolymer (SEBS), 
styrene-isoprene block copolymer (SIR), hydrogenated styrene-isoprene block copolymer (SEP), styrene-isoprene-sty- 
rene block copolymer (SIS), hydrogenated styrene-isoprene-styrene block copolymer (SEPS), styrene-butadiene ran- 
dom copolymer, hydrogenated styrene-butadiene random copolymer, styrene-ethylene-propylene random copolymer, 
styrene-ethylene-butylene random copolymer, ethylene-propylene rubber (EPR), ethylene-propylene-diene rubber 
(EPDM), core-shell type particulate elastomers, such as butadiene-acrylon'rtrile-styrene core-shell rubber (ABS), 
methyl methacrylate-butadiene-styrene core-shell rubber (MBS), methyl methacrylate-butyl acrylate-styrene core-shell 
rubber (MAS), octyl acrylate-butadiene-styrene core-shell rubber (MABS). an alkyl acrylate-butadiene-acrylonitrile-sty- 
rene core-shell rubber (AABS), butadiene-styrene core-shell rubber (SBR), and core-shell rubbers containing siloxane 
such as methyl methacrylate-butyl acrylate-siloxane, and rubbers obtained by modification of these rubbers. 

Among these rubbers, SBR. SBS. SEB, SEBS, SIR. SEP, SIS, SEPS. core-shell rubbers, and rubbers obtained by 
modification of these rubbers are preferably used. 

The thermoplastic resin and the rubbery elastomer each may be used as component (a-2) singly or as a combina- 
tion of two or more types. The thermoplastic resin and the rubbery elastomer may be used in combination. In this case, 
one or more types may be selected from each of the thermoplastic resin and the rubbery elastomer and used in com- 
bination in accordance with desire. 

Component (a-3) is a polymer exhibiting compatibility with or affinity for component (a-1) and having a polar group. 
This polymer has sequences exhibiting compatibility with or affinity for component (a-1) in the molecule. Examples of 
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such a polymer include polymers having syndiotactic polystyrene, atactic polystyrene, isotactic polystyrene, a styrenic 
polymer, polyphenylene ether, or polyvinyl methyl ether as the main chain, block chains, or graft chains. 

The above polar group may be any group as long as the group enhances adhesion to inorganic fillers. Examples of 
such a group include acid anhydride groups, carboxylic acid group, carboxylic acid ester groups, carboxyiic acid halide 
groups, carboxylic acid amide group, carboxylic acid salt groups, sulfonic acid group, sulfonic acid ester groups, sulfonic 
acid chloride group, sulfonic acid amide group, sulfonic acid salt groups, epoxy group, amino group, imido group, and 
oxazoline group. 

Specific examples of component (a-3) include modified styrenic polymers, such as styrene-maleic anhydride copol- 
ymer (SMA), styrene-glycidyi methacrylate copolymer, polystyrene modified with a carboxylic acid at the ends, polysty- 
rene modified with epoxy group at the ends, polystyrene modified with oxasoline group at the ends, polystyrene 
modified with amine group at the ends, sulfonated polystyrenes, styrenic ionomers, styrene-methyl methacrylate graft 
polymer, (styrene-glycidyi methacrylate)-methyl methacrylate graft polymer, acrylate-styrene graft polymers modified 
with an acid, (styrene-glycidyi methacrylate)-styrene graft polymer, polybutylene terephthalate-polystyrene graft poly- 
mer, SPS modified with maleic anhydride, SPS modified with fumaric acid, SPS modified with glycidyl methacrylate, 
and SPS modified with an amine; and modified polyphenylene ether polymers, such as (styrene-maleic anhydride)- 
polyphenylene ether graft polymer, polyphenylene ether modified with maleic anhydride, polyphenylene ether modified 
with fumaric acid, polyphenylene ether modified with glycidyl methacrylate, and polyphenylene ether modified with an 
amine. Among these compounds, modified polyphenylene ethers and modified SPS are preferable. 

The above polymers may be used singly or as a combination of two or more types. 

The modified polyphenylene ether which is used as component (a-3) is a polymer obtained by modifying a conven- 
tional polyphenylene ether with a modifier. The method of modification is not limited as long as the modified product can 
be used in accordance with the object of the present invention. 

The polyphenylene ethers are known compounds and described in the specifications of United States Patent Nos. 
3,306,874, 3.306.875, 3.257,357, and 3,257,358. Polyphenylene ethers can generally be produced by the oxidative 
coupling reaction forming hornopolymers or copolymers in the presence of a copper-ami ne complex and one or more 
types of phenol which are substituted at two or three positions. As the copper-amine complex, a copper-amine complex 
derived from a primary, secondary, or tertiary amine can be used. 

Examples of the polyphenylene ether include poly(2,3-dimethyl-6-ethyl-1 ,4-phenylene ether), poly(2-methy!-6-chlo- 
romethyl-1 ,4-phenylene ether), poly(2-methyl-6-hydroxyethyl-1 ,4-phenylene ether), poly(2-methyl-6-n-butyl-1 ,4-phe- 
nylene ether). poly(2-ethyl-6-isopropyl-1 ,4-phenylene ether), poly(2-ethyl-6-n-propyl-1,4-phenylene ether), poly(2.3,6- 
trimethyl-1,4-phenylene ether), polyp-^'-methytphenyl)-! ,4-phenylene ether], poly(2-bromo-6-phenyl-1 ,4-phenylene 
ether), poly(2-methyl-6-phenyl-1 ,4-phenylene ether), poly(2-phenyl-1 ,4-phenylene ether), poly(2-chloro-1 ,4-phenylene 
ether), poly(2-methyM .4-phenylene ether). po!y(2-chloro-6-ethyl-1 ,4-phenyiene ether), poly(2-chloro-6-bromo-1,4- 
phenylene ether), poly(2,6-di-n-propyl-1 ,4-phenylene ether), poly(2-methyl-6-isopropyl-1 ,4-phenylene ether), poly(2- 
chloro-6-methyl-1 ,4-phenylene ether), poly(2-methyl-6-ethyl-1 ,4-phenylene ether), poly(2,6-dibromo-1 ,4-phenylene 
ether), poly(2,6-dichloro-1 ,4-phenylene ether), poly(2,6-diethyl-1 ,4-phenylene ether), and poly(2,6-dimethyl 1. 4-phe- 
nylene ether). 

Further examples of the suitable polyphenylene ether include copolymers, such as copolymers derived from two or 
more types of phenol which are used for preparation of the hornopolymers described above. Still further examples of 
the suitable polyphenylene ether include graft copolymers and block copolymers derived from vinylaromatic com- 
pounds, such as polystyrene, and the polyphenylene ether described above. 

Among these compounds, poiy(2,6-dimethyl-1 ,4-phenylene ether) is particularly preferably used. 

As the modifier used for modification of the polyphenylene ethers, compounds having an ethylenic double bond and 
a polar group in the same molecule are used. Examples of the modifier include maleic anhydride, maleic acid, fumaric 
acid, esters of maleic acid, esters of fumaric acid, maleimide, maleimide having substituents on N, salts of maleic acid, 
salts of fumaric acid, acrylic acid, esters of acrylic acid, acrylamide, salts of acrylic acid, methacrylic acid, esters of 
methacrylic acid, methacrylamide, salts of methacrylic acid, and glycidyl methacrylate. Among these modifiers, maleic 
anhydride, fumaric acid, and glycidyl methacrylate are particularly preferably used. The above modifier can be used sin- 
gly or as a combination of two or more types. 

The above modified polyphenylene ether can be obtained by bringing the above polyphenylene ether and the 
above modifier into reaction with each other, for example, in the presence of a solvent or another resin. The process for 
the modification is not particularly limited, and a conventional process can be used. Examples of the conventional proc- 
ess include a process in which the reaction is allowed to proceed by melt kneading the above components at a temper- 
ature in the range of 150 to 350°C using a roll mill, a Banbury mixer, an extruder, or the like and a process in which the 
reaction is allowed to proceed by heating the above components in a solvent, such as benzene, toluene, and xylene. In 
order to facilitate the reaction, it is effective that a radical generating agent, such as bensoyl peroxide, di-t-butyl perox- 
ide, dicumyl peroxide, t-butyl peroxybenzoate, azobisisobutyronitrile, azobisisovaleronitrile, and 2,3-diphenyl-2,3- 
dimethylbutane, is present in the reaction system. Among these processes, the process in which the reaction is allowed 
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to proceed by melt kneading the components in the presence of a radical generating agent is preferable. 

As component (a-3), modified SPS having a polar group may also be used. The modified SPS can be obtained by 
modifying SPS described as component (a-1) in the above with a modifier. However, the process for obtaining the mod- 
ified SPS is not limited to this process as long as the modified SPS can be used in accordance with the object of the 
5 present invention. 

SPS used for the modification is not particularly limited, and the polymers described as component (a-1) in the 
above can be used. Among these polymers, a copolymer of styrene with a substituted styrene is preferably used from 
the standpoint of the compatibility with other components. The composition of the copolymer is not particularly limited. 
It is preferred that the content of the unit of the substituted styrene is 3 to 50 % by mol. When the content is less than 3 

w % by mol, the modification is difficult. When the content exceeds 50 % by mol, the compatibility with other components 
is decreased. Therefore, such a content is not preferable. Examples of the particularly preferable substituted styrene 
include alkylstyrenes, such as methyl styrene, ethylstyrene, isopropylstyrene, tertiary-butylstyrene, and vinylstyrene; 
halogenated styrenes, such as chlorostyrene, bromostyrene, and fluorostyrene; halogenated alkylstyrenes, such as 
chloromethylstyrene; and alkoxystyrenes, such as methoxystyrene and ethoxystyrene. The substituted styrene can be 

15 used singly or as a combination of two or more types. 

Polymers having the atactic configuration corresponding to the above SPS may also be used as long as the used 
amount is 5 % by weight or less based oh the amount of SPS. When the amount exceeds 5 % by weight, the heat resist- 
ance of the composition is decreased, and such an amount is not preferable. 

As the modifier used for modification of SPS, compounds having an ethylenic double bond and a polar group in the 

20 same molecule can be used. Examples of the modifier include maleic anhydride, maleic acid, fumaric acid, esters of 
maleic acid, esters of fumaric acid, maleimtde. maleimide having substituents on N. salts of maleic acid, salts of fumaric 
acid, acrylic acid, esters of acrylic acid, acrylamide, salts of acrylic acid, methacrylic acid, esters of methacryiic acid, 
methacrylamide, salts of methacrylic acid, and glycidyl methacrylate. Among these modifiers, maleic anhydride, 
fumaric acid, and glycidyl methacrylate are particularly preferably used. The above modifier can be used singly or as a 

25 combination of two or more types. 

The above modified SPS can be obtained by bringing the above SPS and the above modifier into reaction with each 
other, for example, in the presence of a solvent or another resin. The process for the modification is not particularly lim- 
ited, and a conventional process can be used. Examples of the conventional process include a process in which the 
reaction is allowed to proceed by melt kneading the above components at a temperature in the range of 150 to 350°C 

30 using a roll mill, a Banbury mixer, an extruder, or the like and a process in which the reaction is allowed to proceed by 
heating the above components in a solvents such as benzene, toluene, and xylene. In order to facilitate the reaction, it 
is effective that a radical generating agent such as benzoyl peroxide, di-t-butyl peroxide, dicumyl peroxide, t-butyl per- 
oxybensoate, azobisisobutyronitrile, asobisisovaleronitrile, 2,3-diphenyl-2,3-dimethylbutane, or the like, is present in the 
reaction system. Among these processes, the process in which the reaction is allowed to proceed by melt kneading the 

35 components in the presence of a radical generating agent is preferable. 

Among these modified SPS, SPS modified with maleic anhydride, SPS modified with fumaric acid, and SPS mod- 
ified with glycidyl methacrylate are particularly preferably used. 

The above compounds may be used as component (a-3) singly or as a combination of two or more types. The con- 
tent of the polar group in component (a-3) is in the range of 0.01 to 20 % by weight preferably in the range of 0.05 to 

40 10 % by weight. When the content is less than 0.01 % by weight, a large amount of component (a-3) is required for 
exhibiting the effect of the compatibiliser to decrease mechanical properties and heat resistance of the composition. 
When the content exceeds 20 % weight, the compatibility with component (a-1 ) is decreased. Therefore, such a content 
is not preferable. 

The content of component (a-3) is selected in the range of 0.1 to 10 % by weight, preferably in the range of 0.5 to 
45 8 % by weight, based on the total weight of the resin components. When the content is less than 0.1 % by weight, the 
effect of improving the toughness is not sufficient When the content exceeds 10 % by weight, heat resistance and the 
property for molding are decreased. Therefore, such a content is not preferable. 

In the resin composition of the present invention, the heat resistance of SPS or the resin composition containing 
SPS with respect to mechanical properties, appearance, and color in heat molding can be improved by adding a phe- 
50 nolic antioxidant of component (B) and an antioxidant containing phosphorus of component (C) in combination while 
the excellent proper characteristics of SPS are maintained. Moreover, the resistance to heat aging of a molded article 
prepared by using the above resin with respect to the same properties after use in the air for a long time can be 
improved. When an antioxidant containing sulfur of component (D) is used in addition to the above components, a still 
more excellent effect of preventing oxidation can be obtained, and heat stability or resistance to heat aging in heat mold- 
55 ing or after use in the air at a high temperature for a long time can be improved still more. 

The type of the phenolic antioxidant of component (B) is not particularly limited. Examples of the phenolic antioxi- 
dant include 2,6-di-t-butyl-4-methylpheno1. 2,6-di-t-butyl-4-ethylphenol, 2.6-di-t-butyl-4-phenylphenol ( 2,2'-methylene- 
bis(4-methyl-6-t-butylphenol) , 2 ,2'-methylene-bis(4-ethyl-6-t43uty^ 
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4,4 , -butylidene-bis(3-methyl-6-t-butylphenol) i 4,4'-thiobis(3-methyi-6-t-butylphenoI). 1,1,3-tris(5-t-butyl-4-hydroxy-2- 
methylphenyl)-butane. 2-t-butyl-6-(3-t-butyl-2-hydroxy-5-m acrylate, 2-[1-(2-hydroxy-3,5- 

di-t-pentyIphenyl)ethyQ4,6-di-t-pentylphenyl acrylate, n-CKtodecyl-S-CS.S^Ii-t^utyi^-hydroxyphenyl) propionate, 3,5-di- 
t-butyl-4-hydraxybenzylphosphonate diethyl ester, triethylene glycol bis[3<3-t-butyl-5-methyl-4-hydroxyphenyl)propion- 
ate], 1.6-hexanediol-bis[3-(3,5-di-t-butyl-4-hydroxyphenyl) propionate], 2 t 2-thiodiethylene-bis[3-(3,5-di-t-butyi-4- 
hydroxypheny!) propionate], N,N-hexamethylene-bis(3,5<li-t-butyI-4-hydroxyhydrodnnamide), 3,9-bis[1 f 1-dimethyl-2- 
(^(3-t-butyI-4-hydroxy-5-methylphenv^^^ N.N'-bis[3-(3,5-di-t- 
butyl-4-hydroxyphenyl)-propionyl)hydrazine, pentaerythrityl-tetrakis[3<3,5-di-t-butyl-4-hydroxyphenyl)propionate], 2,4- 
bis(n-octylthio)-6-(4-hydraxy-3,5^ 1,3,5-trimethyl-2,4,6-tris(3,5<li-t-bLJtyl-4-hydroxyben- 
zyl)benzene, tris(3,5<Ji-t-butyl-4-hydroxybenzyl) isocyanurate. and tris(4-t-butyl-2.6-dimethyl-3-hydroxybenzyl) isocya- 
nurate. Among these phenolic antioxidants, compounds represented by general formula (I) are particularly preferable; 



15 



20 




CH 2 CH 2 COO- 



(I) 



n 



wherein R 1 represents methyl group or t-butyl group. A represents a residue group obtained by eliminating n hydroxy! 
groups from an alcohol having 1 to 4 hydroxyl groups, and n represents an integer of 1 to 4. 

25 The type of the antioxidant containing phosphorus is not particularly limited. Examples of the antioxidant containing 
phosphorus include di(nonylphenyl) pentaerythritol diphosphite, phenyl-bisphenol A perrtaerythritol diphosphite. 3is? 
4ear^^entaerythRtol^liphosphite, dioctyl pentaerythritol diphosphite. dilauryl pentaerythritol diphosphite. diphenyl pen- 
taerythritol diphosphite. dicyclohexyl pentaerythritol diphosphite. bis(2.4-di-t-butylphenyl) pentaerythritol diphosphite, 
^5(€^dist*uityM^ diphosphite. fit 1 r 

30 rakis(a47dirt-t^lpiie^ 2,2 -ethylidene-bis(4,6-di-t-butylphenyl) fluorophosphite, 2,2'- 

meth^ene-bis(4,6-di-t-butylphenyl)oc^ phosphite, 9,10-dihydro-9-oxa-10-phosphaphenanthrene-10-oxide, tris(iso- 
decyl) phosphite, tris(tridecyl) phosphite, phenyl diisooctyl phosphite, phenyl diisodecyl phosphite, phenyl di(tridecyl) 
phosphite, diphenyl isooctyl phosphite, diphenyl isodecyl phosphite, diphenyl tridecyi phosphite, triphenyl phosphite, 
tris(2,4-di-t-butylphenyl) phosphite, tris(monononylphenyl) phosphite, tris(mono. dinonylphenyl) phosphite. 4,4'-isopro- 

35 pylidene diphenol tetraalkyl diphosphites having alkyl groups having 12 to 15 carbon atoms, 4,4'-butylidene-bis{3- 
methyi-6-t-butylphenyl-di-tridecyl) phosphite, and 1,1,3-tris(2-methyl-4-di-tridecyl phosphite-5-t-butylphenyl)butane. 
Among these compounds, compounds represented by general formula (II) are preferable: 



40 



45 



,OCH 2 v yCH 2 Ov 
R 2 -OP C' PO-R 3 - (II) 

^OCH 2 / X CH 2 CK 



wherein R 2 and R 3 each independently represents an alkyl group, an aryl group, or an alkylaryl group. Compounds rep- 
resented by general formula (II) in which R 2 and R 3 each represents an alkylaryl group are more preferable. 

The type of the antioxidant containing sulfur of component (D) of the present invention is not particularly limited. 

so Examples of the antioxidant containing sulfur include dilauryl S^-thiodipropionate, ditridecyl 3.3'-thiodipropionate, 
dimyristyl 3,3'-thiodipropionate. distearyl 3,3'-thiodipropionate. distearyl 3,3'-methyl-3,3'-thiodipropionate. bis-2-methyl- 
4-(3-n-a!kyl(C 12 or C 14 ) thiopropionyloxy)-5-t-butylphenyl sulfides, terakis[methylene 3-(hexylthio)propionate] -methane, 
tetrakis[methylene 3-(dodecytthio)propionate]methane, tetrakis[methylene 3-(octadecytthio)propionate]methane, 2,2- 
thiodiethylene-bis[3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate], 4.4 , -thiobis(3-methyl-6-t-butylphenol]. 2-mercaptoben- 

55 zimidazole. and 2-mercaptomethyfbenzimidazole. Among these compounds, compounds represented by general for- 
mula (II I) are preferable: 
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(R 4 -S-CH 2 GH2~CO-CH 2 )4C ... (ni) 



wherein R 4 represents an alkyl group having 6, 12, or 18 carbon atoms. Compounds represented by general formula 
(III) in which R 4 represents an alkyi group having 12 carbon atoms are more preferable from the standpoint of heat sta- 
70 bility and oxidation stability. 

The phenolic antioxidant of component (B), the antioxidant containing phosphorus of component (C), and the anti- 
oxidant containing sulfur of component (D) each may be used singly or as a combination of two or more types. 

In the present invention, components (B) and (C) are used in combination as the antioxidants. When components 

(B) and (C) are used in combination with component (D), a more excellent effect can be obtained by using a compound 
15 represented by general formula (I) as component (B), a compound represented by general formula (II) as component 

(C) , and a compound represented by general formula (III) as component (D). 

The inorganic filler used in the present invention may have various shapes, such as fiber, granules, powder, and the 

like. 

As the filler having the shape of fiber, glass f foer, carbon f foer, wiskers, ceramic fiber, metal f bers, and the like can 
20 be used. Specific examples of the filler having the shape of fiber include wiskers, such as boron wisker, alumina wisker, 
silica wisker, silicon carbide wisker; ceramic f bers, such as gypsum fiber, potassium titanate fiber, magnesium sulfate 
fiber, and magnesium oxide fiber; and metal fibers, such as copper fiber, aluminum fiber, and steel fiber. 

As for the form of the filler having the shape of f ber, the filler may have a form of a cloth, a mat, a cut bundle, short 
fibers, filaments, or wiskers. When the filler has the form of a cloth or a mat, the length is preferably 1 mm or more, more 
25 preferably 5 mm or more. When the filler has the form of cut bundles, it is preferred that the length is 0.05 to 50 mm and 
the diameter of a fiber is 5 to 20 \im. 

Examples of the filler having a shape of granules or powder include talc, carbon black, graphite, titanium dioxide, 
silica, mica, calcium carbonate, calcium sulfate, barium carbonate, magnesium carbonate, magnesium sulfate, barium 
sulfate, oxysulfate, tin oxides, alumina, kaolin, silicon carbide, metal, and glass. Among these fillers, fillers of glass are 
30 preferable, and, as for the shape, glass filament, glass fiber, glass roving, glass mat, glass powder, glass flakes, and 
glass beads, are particularly preferable. 

The inorganic filler may be used singly or as a combination of two or more types. 

As the inorganic filler of component (E), an inorganic filler treated, for example, with a coupling agent on the surface 
for enhancing adhesion with SPS of component (A) (a-1) is preferably used. As the coupling agent, for example, a 

35 silane coupling agent or a titanium coupling agent is used. Specific examples of the silane coupling agent include tri- 
ethoxysilane, vinyl tris(p-methoxyethoxy)si!ane, 'Y-methacryloxypropy! trimethoxysilane, rglyadoxypropyl trimethoxysi- 
lane, p-(1.1-epoxycyclohexyl)ethyl trimethoxysilane, N-p-(aminoethyO^-aminopropyl trimethoxysilane, N-p- 
(aminoethyl)-Y-aminopropyl methyl dimethoxysilane, y-aminopropyl triethoxysilane, N-phenyl^aminopropyl trimethoxy- 
sialne. ymercaptopropyl trimethoxysilane, ^chloropropyl trimethoxysilane, r-arninopropyi trimethoxysilane, ^amino- 

40 propyl-tris(2-methoxyethoxy)silane, N-methyl-r-aminopropyl trimethoxysilane, N-vinylbenzyl-Y-aminopropyl 
triethoxysilane, triaminopropyl trimethoxysilane, 3-ureydopropyl trimethoxysilane, 3-4,5-dihydroimidazolpropyl triethox- 
ysilane, hexamethyl disilazane, N,0-(bistrimethylsilyl)amide, and N,N-bis(trimethylsilyl)urea. Among these compounds, 
aminosilanes and epoxysilanes, such as yaminopropyftrimethoxysilane, N-p-(aminoethyl)-raminopropyl trimethoxysi- 
lane, y-glycidoxypropyl trimethoxysilane, and p-(3,4-epoxycyclohexyl) ethyl trimethoxysilane, are particularly preferable. 

45 Specific examples of the titanium coupling agent include isopropyl triisostearoyi titanate, isopropyl tridodecylben- 
zenesulfonyl titanate, isopropyl tris(dioctyl pyrophosphate) titanate, tetraisopropyl bis(dioctyl phosphite) titanate, 
tetraoctyl bis(ditridecyl phosphite) titanate, tetra(1 ,1 -diallyloxymethyt-1 -butyl) bis(ditridecyl) phosphite titanate, bis(dioc- 
tyl pyrophosphate) oxyacetate titanate, bis(dioctyi pyrophosphate) ethylene titanate, isopropyl trioctanoyl titanate, iso- 
propyl dimethacryl isostearoyl titanate, isopropyl isostearoyl diacryl titanate, isopropyl tri(dioctyl phosphate) titanate, 

so isopropyl tricumyl phenyl titanate, isopropyl tri(N-amidoethyl, aminoethyl) titanate, dicumyl phenyloxy acetate titanate, 
and diisostearoyl ethylene titanate. Among these compounds, isopropyl trKN-amidoethyl, aminoethyl) titanate is prefer- 
able. 

The surface treatment of the above filler by using the above coupling agent can be conducted in accordance with 
a conventional process, and the process for the surface treatment of the inorganic filler used in the present invention is 
55 not particularly limited. A suitable process can be selected in accordance with the shape of the filler, for example, from 
the sizing treatment in which the filler is coated with a solution of the above coupling agent in an organic solvent or with 
a suspension of the above coupling agent, i.e., with the so-called sizing agent the dry mixing process using a Henschel 
mixer, a super mixer, a Redige mixer, or a V-type mixer, the spraying process, the integral blending process, and the dry 
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concentrate process. The sizing treatment, the dry mixing process, and the spraying process are preferable among 
these processes. 

A film forming substance for glass may be used in combination with the above coupling agent The film forming sub- 
stance is not particularly limited. Examples of the film forming substances include polymers such as polyesters, poly- 
urethanes, epoxy polymers, acrylic polymers, vinyl acetate polymers, and polyethers. 

In the present invention, organic filler may be used in addition to the above inorganic filler of component (E). Exam- 
ples of the organic filler include organic synthetic fibers and natural plant fibers. Specific examples of the organic syn- 
thetic fiber include all aromatic polyamide fbers and polyimide fibers. 

In the resin composition of the present invention, various types of additional components, such as nucleating 
agents, plasticizers, mold release agents, flame retardants, antistatic agents, foaming agents, pigments, carbon black, 
processing auxiliary agents, and metal soaps may be comprised within the range that the object of the present invention 
is not adversely affected. 

Polystyrenic resin composition 1 of the present invention is a three-component resin composition obtained by add- 
ing components (B) and (C) to a resin of component (A) comprising component (a-1). The amounts of the components 
are as follows: The amount of the phenolic antioxidant of component (B) is 0.005 to 5.0 parts by weight, preferably 0.01 
to 3.0 parts by weight, more preferably 0.05 to 1.0 parts by weight, per 100 parts by weight of the resin of component 
(A) comprising component (a-1). The amount of the antioxidant containing phosphorus of component (C) is 0.005 to 5.0 
parts by weight, preferably 0.01 to 3.0 parts by weight, more preferably 0.05 to 1.0 parts by weight, per 100 parts by 
weight of the resin of component (A) comprising component (a-1). 

When any of the amounts of components (B) and (C) is less than 0.005 parts by weight, a sufficient effect of pre- 
venting oxidation is not obtained, and heat resistance and durability of the resin composition and the molded article are 
not increased sufficiently. When any of these amounts exceeds 5.0 parts by weight, the amount is economically disad- 
vantageous, and problems, such as bleeding of the antioxidants and deterioration in mechanical strength, heat resist- 
ance, and appearance, arise. Therefore, such an amount is not preferable. 

Polystyrenic resin composition 2 of the present invention is a four-component resin composition obtained by adding 
components (B) and (C) to a resin of component (A) comprising components (a-1) and (a-2). The amounts of the com- 
ponents are as follows: The resin of component (A) comprises 1 to 99 % by weight preferably 5 to 95 % by weight, more 
preferably 20 to 80 % by weight, of SPS of component (a-1) and 99 to 1 % by weight preferably 95 to 5 % by weight, 
more preferably 80 to 20 % by weight, of a thermoplastic resin and/or a rubbery elastomer of component (a-2). The 
amount of the phenolic antioxidant of component (B) is 0.005 to 5.0 parts by weight preferably 0.01 to 3.0 parts by 
weight, more preferably 0.05 to 1 .0 parts by weight, per 100 parts by weight of the resin of component (A). The amount 
of the antioxidant containing phosphorus of component (C) is 0.005 to 5.0 parts by weight, preferably 0.01 to 3.0 parts 
by weight, more preferably 0.05 to 1 .0 parts by weight, per 100 parts by weight of the resin of component (A). When the 
amount of component (a-2) is less than 1 % by weight, the effect of improving physical properties which is expected by 
the addition of component (a-2) is not obtained. When the amount of component (a-2) exceeds 99 % by weight, a prob- 
lem arises in that the excellent properties derived from SPS. such as excellent mechanical strength and heat resist- 
ance, are not sufficiently expected. 

The amounts of components (B) and (C) are specified by the same reasons as those described for Polystyrenic 
resin composition 1 . 

Polystyrenic resin composition 3 of the present invention is a four-component resin composition obtained by adding 
components (B) and (C) to a resin of component (A) comprising components (a-1) and (a-3). The amounts of the com- 
ponents are as follows: The resin of component (A) comprises 99.9 to 90.0 % by weight, preferably 99.5 to 92.0 % by 
weight, of SPS of component (a-1) and 0.1 to 10.0 % by weight, preferably 0.5 to 8.0 % by weight, of a polymer exhib- 
iting compatibility with or affinity for component (a-1) and having a polar group of component (a-3). The amount of the 
phenolic antioxidant of component (B) is 0.005 to 5.0 parts by weight, preferably 0.01 to 3.0 parts by weight, more pref- 
erably 0.05 to 1 .0 parts by weight, per 100 parts by weight of the resin of component (A). The amount of the antioxidant 
containing phosphorus of component (C) is 0.005 to 5.0 parts by weight, preferably 0.01 to 3.0 parts by weight, more 
preferably 0.05 to 1 .0 parts by weight, per 1 00 parts by weight of the resin of component (A). 

When the amount of component (a-3) is less than 0.1 % by weight, the effect of improving toughness which is 
expected by the addition of component (a-3) is insufficient When the amount of component (a-3) exceeds 10.0 % by 
weight heat resistance and the property for molding of the obtained composition deteriorate. 

The amounts of components (B) and (C) are specified by the same reasons as those described for Polystyrenic 
resin composition 1 . 

Polystyrenic resin composition 4 of the present invention is a five-component resin composition obtained by adding 
components (B) and (C) to a resin of component (A) comprising components (a-1). (a-2). and (a-3). The amounts of the 
components are as follows: The resin of component (A) is obtained by adding 0.1 to 10.0 parts by weight, preferably 0.5 
to 8.0 parts by weight, of a polymer exhibiting compatibility with or affinity for component (a-1) and having a polar group 
of component (a-3) to 100 parts by weight of a resin composition which comprises 1 to 99 % by weight, preferably 5 to 
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95 % by weight, more preferably 20 to 80 % by weight, of SPS of component (a-1) and 99 to 1 % by weight, preferably 
95 to 5 % by weight, more preferably 80 to 20 % by weight, of a thermoplastic resin and/or a rubbery elastomer of com- 
ponent (a-2). The amount of the phenolic antioxidant of component (B) is 0.005 to 5.0 parts by weight, preferably 0.01 
to 3.0 parts by weight, more preferably 0.05 to 1.0 parts by weight, per 100 parts by weight of the resin of component 
5 (A). The amount of the antioxidant containing phosphorus of component (C) is 0.005 to 5.0 parts by weight, preferably 
0.01 to 3.0 parts by weight, more preferably 0.05 to 1 .0 parts by weight, per 1 00 parts by weight of the resin of compo- 
nent (A). 

The amount of component (a-2) is specified by the same reasons as those described for Polystyrenic resin compo- 
sition 2. 

10 The amount of component (a-3) is specified by the same reasons as those described for Polystyrenic resin compo- 
sition 3. i.e., when the amount of component (a-3) is less than 0.1 part by weight, the effect of improving toughness 
which is expected by the addition of component (a-3) is insufficient. When the amount of component (a-3) exceeds 10.0 
parts by weight, heat resistance and the property for molding of the obtained composition deteriorate. 

The amounts of components (B) and (C) are specified by the same reasons as those described for Polystyrenic 

15 resin composition 1 . 

Polystyrenic resin composition 5 of the present invention is a fbur-to six-component resin composition obtained by 
adding components (B), (C), and (D) to the resin of component (A) used in any of Polystyrenic resin compositions 1 to 
4 described above. 

The amounts of the components are as follows: The amount of the phenolic antioxidant of component (B) is 0.005 
20 to 5.0 parts by weight, preferably 0.01 to 3.0 parts by weight, more preferably 0.05 to 1 .0 parts by weight, per 1 00 parts 
by weight of the resin of component (A). The amount of the antioxidant containing phosphorus of component (C) is 
0.005 to 5.0 parts by weight, preferably 0.01 to 3.0 parts by weight, more preferably 0.05 to 1 .0 parts by weight, per 1 00 
parts by weight of the resin of component (A). The amount of the antioxidant containing sulfur of component (D) is 0.005 
to 5.0 parts by weight, preferably 0.01 to 3.0 parts by weight more preferably 0.05 to 1 .0 parts by weight per 1 00 parts 
25 by weight of the resin of component (A). 

When the amount of component (D) is less than 0.005 parts by weight, the more excellent effect of preventing oxi- 
dation expected by the addition of component (D) is not obtained. When the amount of component (D) exceeds 5.0 
parts by weight the amount is economically disadvantageous, and bleeding of the antioxidant and deterioration in 
mechanical strength, heat resistance, and appearance arise. Therefore, such an amount is not preferable. 
30 Polystyrenic resin composition 6 of the present invention is a f ive-to seven-component resin composition obtained 
by adding component (E) to any of Polystyrenic resin compositions 1 to 5 descrtoed above. 

The amount of the inorganic filler of component (E) is 1 to 350 parts by weight, preferably 5 to 200 parts by weight, 
per 100 parts by weight of the composition selected from Polystyrenic resin compositions 1 to 5. 

When the amount of component (E) is less than 1 part by weight, a sufficient effect of improving heat resistance, 
35 rigidity, and impact strength is not found. When the amount exceeds 350 parts by weight, dispersion becomes inferior 
to cause difficulty in molding. 

The polystyrenic resin composition of the present invention can be obtained by mixing the components in relative 
amounts described above. The method of mixing is not particularly limited, and conditions of mixing, such as the order 
of addition and the method of addition, can be decided as desired. 
40 The polystyrenic resin composition of the present invention includes a resin composition obtained by mixing the 
components, followed by melt kneading of the obtained mixture. 

The resin composition obtained by additional melt kneading is more suitable as the material for molding than the 
material obtained simply by mixing. The method of melt kneading is not particularly limited, and a conventional method 
can be used. 

45 The resin composition of the present invention which is produced as described above shows less tendency to have 
degradation, such as decrease in mechanical strength and deterioration in color, even when the composition is molded 
and processed at a relatively high temperature. 

The resin composition of the present invention can be used as the material of molded articles. The molded articles 
produced by using the resin composition of the present invention show very small change in physical properties even 
so after the articles are used in the air at a high temperature for a long time. 

The resin composition of the present invention can be molded in accordance with various conventional processes 
for molding plastics, such as the injection molding, the extrusion molding, and the blow molding. Procedures and con- 
ditions of the molding are not particularly limited and can suitably be decided in accordance with the constitution of the 
used resin composition and the article to be produced. 
55 The present invention is described in detail with reference to examples and comparative examples in the following. 
To evaluate test pieces obtained in the examples and the comparative examples described later with respect to 
heat resistance in molding at a high temperature and heat resistance (resistance to heat aging) after use at a high tem- 
perature for a long time after molding, the following measurements were conducted in accordance with the following 
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methods. 

(1) Heat stability in molding 

5 The heat stability in molding was evaluated from physical properties after heat molding at a high temperature and 

before treatment at a high temperature 

(1-1) Tensile strength (MPa): the tensile strength was measured in accordance with the method of Japanese Indus- 
trial Standard K7113. 

w (1-2) Yl: Yl (yellow index) was measured in accordance with the method of Japanese Industrial Standard K7103. 

(2) Resistance to heat aging 

A test piece for the tensile test was heat treated in an oven at 160°C for 1000 hours, and the resistance to heat 
75 aging was evaluated from the retention of the tensile strength (%) of the test piece calculated in accordance with the 
following equation: 

retention of tensile strength (%) = (tensile strength after heat treatment) / 
(tensile strength before heat treatment) x 100 

20 

(2-1) Tensile strength (MPa): The tensile strength was measured in accordance with the method of Japanese 
Industrial Standard K7113. 

25 Preparation Exanrple 1 (Preparation of SPS) 

Into a 2 liter reactor, 1 .0 liter of purified styrene and 1 mmol of triethylaluminurn were placed. After the mixture was 
heated to 80°C, 16.5 rrd of a preliminary mixed catalyst [prepared from 90 micromol of pentamethyl cyclopentadienyl 
titanium trimethoxide, 90 micromol of dimethyl anilinium tetrakis(pentafluorophenyl) borate, 29.1 mmol of toluene, and 
30 1 .8 mmol of triisobutyi aluminum] was added, and the polymerization was allowed to proceed at 80°C for 5 hours. After 
the reaction was completed, the product was washed repeatedly with methanol and dried to obtain 380 g of a polymer. 

The molecular weight of the obtained polymer was measured by the gel permeation chromatography at 130°C 
using 1,2,4-trichlorobenzene as the solvent and found to be 400,000. The ratio of the weight-average molecular weight 
to the number-average molecular weight was 2.60. By the measurements of the melting point and the 13 C-NMR, the 
35 obtained polymer was confirmed to be SPS. 

Preparation Example 2 (Preparation of a modified polyphenylene ether) 

Polyphenylene ether (inherent viscosity: 0.47 dl/g in chloroform at 25°C) in amount of 1 kg. 60 g of maleic anhy- 
40 dride, and 10 g of 2,3-dimethyl-2,3-diphenylbutane (a product of Nippon Yushi Co., Ltd., trade name: Nofmer BC) as the 
radical generating agent were dry blended and then melt kneaded using a 30 mm twin-screw extruder at a rotation 
speed of screws of 200 rpm and a set temperature of 300°C. The temperature of the resin was about 330°C. The 
obtained strands were cooled and formed into pellets to obtain polyphenylene ether modified with maleic anhydride. To 
measure the degree of modification, 1 g of the obtained modified polyphenylene ether was dissolved into ethylbenzene 
45 and reprecipitated with methanol. The recovered polymer was extracted with methanol using a Soxhlet extractor. After 
the polymer was dried, the degree of modification of the polymer was obtained from the intensity of the carbonyl absorp- 
tion in the measurement of the infrared spectrum and also from titration and found to be 2.0 % by weight. 

Trade names, companies of production, and chemical names of the antioxidants used in Examples and Compara- 
tive Examples are as follows: 

50 

(Phenolic antioxidants) 

Irganox 565 a product of Ciba Geigy Co. 

2.4-bis(n-octytthio)-6-(4-hydro 
55 Irganox 1 330 a product of Ciba Geigy Co. 

1 ,3,5-trimethyl-2,4,6-tris(3,5-di-t-butyl-4-hydroxybenzyl)benzene 
Cyanox 1 790 a product of Cyanamide Co. 

tris(4-t-butyl-2,6-dimethyl-3-hydroxybenzyl) isocyanurate 
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Irganox 1076 a product of Ciba Geigy Co. 

n-octadecyi S^.S-di-t-butyl-^hydroxylphenylJ-propionate 
I rganox 1010 a product of Ciba Geigy Co. 

pentaerythrityl tetrakis[3-(3 f 5-di-t-butyl-4-hydroxylphenyi)propionate 
Irganox 245 a product of Ciba Geigy Co. 

triethyiene glycol bis[3-(3-t45utyl-5-methyl-4-hydroxyphenyi)propionate 
Irganox 259 a product of Ciba Geigy Co. 

1 ,6-hexanedioI bist3-(3,5-di-t-butyl-4-hydroxyphenyl)propionate 
Adekastab AO-80 a product of Asahi Denka Co., Ltd. 

3.9-bis[1 , 1 <iimethyl-2-[p-(3-t-butyl-44iydro^ 1 0-tetraox- 

aspiro[5,5]undecane 
Irganox 31 14 a product of Ciba Geigy Co. 

1,3,5-trimethy1-2,4,6-tris(3,5-di-t-D^ 

(Antioxidants containing phosphorus) 

Sandostab P-EPQ a product of Sandoz Co. 

tetrakis(2 ,4-di-t-butylphenyl)-4,4'-biphenyl ene 

phosphonite 
Irgafos 168 a product of Ciba Geigy Co. 

tris(2,4-di-t-butytphenyl) phosphite 
Adekastab HP-10 a product of Asahi Denka Co., Ltd. 

2,2'*methylenebis(4,6-di-t-butylphenyl)octyl phosphite 
Adekastab PEP-36 a product of Asahi Denka Co., Ltd. 

bis(2,6-di-t-butyi-4-methylpheny0-pentaerythritol diphosphite 
Adekastab PEP-24 a product of Asahi Denka Co., Ltd. 

bis(2.4-di-t-butylphenyl)pentaerythritol diphosphite 

(Antioxidants containing sulfur) 

Sumilizer TPM a product of Sumitomo Kagaku Kogyo Co., Ltd. 

dimyristyl 3.3 f -thiodipropionate 
Sumilizer TPL-R a product of Sumitomo Kagaku Kogyo Co., Ltd. 

dilauryl 3,3'-thiodipropionate 
Sumifizer TPS a product of Sumitomo Kagaku Kogyo Co., Ltd. 

distearyl 3,3'-thiodipropionate 
Sumilizer TP-D a product of Sumitomo Kagaku Kogyo Co., Ltd. 

tetrakis[methylene 3-(dodecytthio)propionate]-methane 

Examples 1 to 18 and Comparative Examples 1 to 5 

In Examples 1 to 18 and Comparative Example 1 to 5 shown in Table 1A f antioxidants shown in Table 1A in 
amounts also shown in Table 1 A were added to 1 00 parts by weight of SPS obtained in Preparation Example 1 , and the 
components were dry blended by a Henschel mixer. The obtained mixture was melt kneaded by a twin-screw extruder 
at a resin temperature of 300°C and formed into pellets. The obtained pellets were injection molded at a resin temper- 
ature of 300°C to obtain test pieces. The heat stability was evaluated by using the obtained test pieces. 

The results are shown in Table 1 B. 
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Table 1A-1 





Antioxidant 




(B) phenolic antioxidant 


(C) antioxidant containing phosphorus 




type 


ammint ^nart bv wt ^ 


tvoe 


amount (part by wt.) 


Example 1 


I rnanny SfiS 
uydiiUA vJOvJ 


0 *5 

w.vJ 


Sandostab P-EPQ 


0.5 


Example 2 


1 1 yd I lUA 1 JUU 


0 5 


Irnafbs 168 


0.5 


Examoie 3 


OydiH/A 1 / <sU 


n 


nyciiv/o i 


0.5 


Example 4 


iryanox iu/d 


n 

u.o 


Irnafnc 1 CQ 
nyctiuo i uo 


0.5 


Examole 5 


irganox lu / o 


n *\ 


AHoka^tah HP-10 


0 5 


L- A. a 1 1 ipic u 


irganox iu iu 


n 


ii vjaiuo i w 


0.5 


ExamDle 7 


IrnanrtY 1 pi A 

liydl IVJA IU IU 


0 5 


Sandostab P-EPQ 


0.54 


Example 8 


liydllL/A tHO 


0 5 


Adekastab PEP-36 


0.5 


Example 9 


Irganox 259 


0.5 


Adekastab PEP-36 


0.5 


Example 10 


Irganox 1010 


0.5 


Adekastab PEP-24 


0.5 


Example 1 1 


Irganox 1010 


0.5 


Adekastab PEP-36 


0.5 


Example 12 


Irganox 1076 


0.5 


Adekastab PEP-36 


0.5 


Example 13 


Adekastab AO-80 


0.5 


Adekastab PEP-24 


0.5 


Example 14 


Adekastab AO-80 


0.5 


Adekastab PEP-36 


0.5 


Example 15 


Irganox 565 


0.5 


Irgafos 168 


0.5 


Example 16 


Irganox 565 


0.75 


Irgafos 168 


0.75 


Example 17 


Irganox 1330 


0.75 


Sandostab P-EPQ 


0.75 


Example 18 


Cyanox 1790 


0.75 


|. Adekastab HP-10 


0.75 



Table 1A-2 





Antioxidant 




(B) phenolic antioxidant 


(C) antioxidant containing phospho- 
rus 




type 


amount (part by wt.) 


type 


amount (part by wt.) 


Comparative Example 1 
Comparative Example 2 
Comparative Example 3 
Comparative Example 4 
Comparative Example 5 


Irganox 565 
Irganox 565 
Cyanox 1790 
Irganox 1330 
Irganox 31 14 


0.5 
1.0 
1.0 
1.0 
1.0 
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Table 1B- 1 





physical properties before heat treat- 
ment 


physical properties after heat treatment 




tensile strength (MPa) 


Yl 


tensile strength (MPa) 


retention (%) 


Example 1 


49 


3 


27 


55 


Example 2 


51 


3 


26 


51 


Example 3 


48 


2 


25 


52 


Example 4 


50 


3 


29 


58 


Example 5 


49 


3 


30 


61 


Example 6 


51 


2 


31 


61 


Example 7 


51 


2 


30 


59 


Example 8 


49 


2 


36 


73 


Example 9 


51 


2 


36 


71 


Example 10 


49 


2 


36 


74 


Example 1 1 


51 


2 


40 


78 


Example 12 


49 


2 


37 


76 


Example 13 


51 


2 


37 


73 


Example 14 


49 


2 


38 


78 


Example 15 


50 


2 


25 


50 


Example 16 


51 


3 


28 


55 


Example 17 


50 


3 


28 


56 


Example 1 8 


51 


2 


28 


55 



Table 1B-2 





physical properties before heat treat- 
ment 


physical properties after heat treatment 




tensile strength (MPa) 


Yl 


tensile strength (MPa) retention (%) 


Comparative Example 1 


49 


6 


cracks formed, measurement not possible 


Comparative Example 2 


50 


8 


cracks formed, measurement not possible 


Comparative Example 3 


49 


9 


cracks formed, measurement not possible 


Comparative Example 4 


49 


9 


cracks formed, measurement not possible 


Comparative Example 5 


50 


8 


cracks formed, measurement not possible 



Examples 19 to 29 and Comparative Examples 6 to 8 

In Examples 19 to 29 and Comparative Example 6 to 8 shown in Table 2A, antioxidants shown in Table 2A in 
amounts also shown in Table 2A were added to 1 00 parts by weight of a resin composition composed of 80 % by weight 
of SPS obtained in Preparation Example 1 and 20 % by weight of SEBS (a product of Shell Chemical Co., Ltd., trade 
name: Kraton G-1651), and the components were dry blended by a Henschel mixer. The obtained mixture was melt 
kneaded by a twin-screw extruder at a resin temperature of 300°C and formed into pellets. The obtained pellets were 
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injection molded at a resin temperature of 300°C to obtain test pieces. The heat stability was evaluated by using the 
obtained test pieces. The results are shown in Table 2B. 

Table 2A 



5 







Antioxidant 






(B) phenolic antioxidant 


(C) antioxidant containing phosphorus 






type 


amount (part by wt.) 


type 


amount (part by wt.) 


10 


Example 19 


Irganox 1330 


0.5 


Sandostab P-EPQ 


0.5 




Example 20 


Cyanox 1 790 


0.5 


Sandostab P-EPQ 


0.5 




Example 21 


Irganox 1010 


0.5 


Sandostab P-EPQ 


0.5 


15 


Example 22 


Irganox 245 


0.5 


Adekastab PEP-36 


0.5 




Example 23 


Irganox 1010 


0.5 


Adekastab PEP-36 


0.5 




Example 24 


Irganox 1076 


0.5 


Adekastab PEP-36 


0.5 




Example 25 


Adekastab AO-80 


0.5 


Adekastab PEP-24 


0.5 


20 


Example 26 


Adekastab AO-80 


0.5 


Adekastab PEP-36 


0.5 




Example 27 


Irganox 565 


0.5 


Irgafos 168 


0.5 




Example 28 


Irganox 565 


0.75 


Irgalbs 168 


0.75 


25 


Example 29 


Irganox 1330 


0.75 


Sandostab P-EPQ 


0.75 




Comparative Example 6 


Cyanox 1 790 


0.5 








Comparative Example 7 


Cyanox 1 790 


1.0 






on 


Comparative Example 8 


Irganox 1330 


1.0 







35 



AO 



45 



SO 



55 
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Table 2B 





physical properties before heat treat- 
ment 


physical properties after heat treatment 




tensile strength (MPa) 


Yl 


tensile strength (MPa) 


retention (%) 


Example 19 


40 


3 


18 


45 


Example 20 


39 


3 


18 


47 


Example 21 


40 


2 


23 


58 


Example 22 


38 


2 


27 


70 


Example 23 


37 


2 


25 


67 


Example 24 


39 


2 


27 


70 


Example 25 


40 


2 


26 


66 


Example 26 


39 


2 


28 


78 


Example 27 


39 


3 


18 


46 


Example 28 


40 


3 


20 


50 


Example 29 


39 


2 


21 


54 


Comparative Example 6 


40 


5 


cracks formed, measurement not possible 


Comparative Example 7 


39 


7 


cracks formed, measurement not possible 


Comparative Example 8 


40 


7 


cracks formed, measurement not possible 



Examples 30 to 39 and Comparative Examples 9 to 11 



In Examples 30 to 39 and Comparative Example 9 to 11 shown in Table 3A, antioxidants shown in Table 3A in 
amounts also shown in Table 3A were added to 100 parts by weight of a resin composition obtained by adding 3 parts 
by weight of polyphenylene ether modified with maleic anhydride to 1 00 parts by weight of SPS obtained in Preparation 
Example 1 , and the components were dry blended by a Henschel mixer. The obtained mixture was melt kneaded by a 
twin-screw extruder at a resin temperature of 300°C with side feeding of glass fiber (a product of Nippon Denki Glass 
Co., Ltd., treated with aminosilane on the surface, trade name: ECS 03T-051/P) in such an amount that the content of 
the glass fiber was 30 % by weight, and formed into pellets. The obtained pellets were injection molded at a resin tem- 
perature of 300°C to obtain test pieces. The heat stability was evaluated by using the obtained test pieces. The results 
are shown in Table 3B. 




EP 0 827 979 A1 



Table 3A 







Antioxidant 


5 




(B) phenolic antioxidant 


(C) antioxidant containing phosphorus 






type 


amount (part by wt.) 


type 


amount (part by wt.) 




Example 30 


Irganox 565 


0.5 


Adekastab HP- 10 


U.D 


10 


Example 31 


Adekastab AO80 


0.5 


Irgafos 168 


U.O 




Example 32 


Adekastab AO-80 


0.5 


Sandostab P-EPQ ; 


0.5 




Example 33 


Irganox 245 


0.5 


AOeKaStaD rtr-oo 


n r 




Example 34 


Irganox 1010 


0.5 


Adekastab PEP-36 


0.5 


15 


example 03 


Adekastab AO-80 


0.5 


Adekastab PEP-24 


0.5 




Example 36 


Adekastab AO-80 


0.5 


Adekastab PEP-36 


0.5 




Example 37 


Irganox 565 


0.5 


Irgafos 168 


0.5 


20 


Example 38 


Irganox 565 


0.75 


Irgafos 168 


0.75 




Example 39 


Irganox 565 


0.75 


Sandostab P-EPQ 


0.75 




Comparative Example 9 


Irganox 565 


0.5 






25 


Comparative Example 10 


Irganox 565 


1.0 






Comparative Example 1 1 


Irganox 1330 


1.0 







30 

Table 3B 







physical properties before heat treat- 


physical properties after heat treatment 






ment 








35 




tensile strength (MPa) 


Yl 


tensile strength (MPa) 


retention (%) 




Example 30 


137 


19 


90 


66 




Example 31 


137 


19 


99 


72 


40 


Example 32 


137 


19 \ 


96 


70 




Example 33 


138 


18 


112 


81 




Example 34 


136 


17 


109 


80 




Example 35 


137 


18 


107 


78 


45 


Example 36 


137 


17 


110 


80 




Example 37 


138 


19 


92 


67 




Example 38 


139 


19 


100 


72 


SO 


Example 39 


139 


19 


101 


73 




Comparative Example 9 


137 


24 


67 


49 




Comparative Example 10 


136 


25 


72 


53 


55 


Comparative Example 1 1 


136 


25 


12 


52 
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Examples 40 to 48 and Comparative Examples 12 to 14 

In Examples 40 to 48 and Comparative Example 12 to 14 shown in Table 4A, antioxidants shown in Table 4A in 
amounts also shown in Table 3A were added to 100 parts by weight of a mixture obtained by adding 3 parts by weight 
of polyphenylene ether modified with maleic anhydride to 100 parts by weight of a resin composition composed of 90 
% by weight of SPS obtained in Preparation Example 1 and 10 % by weight of SEBS (a product of Shell Chemical Co., 
Ltd., trade name: Kraton G-1651), and the components were dry blended by a Henschel mixer. The obtained mixture 
was melt kneaded by a twin-screw extruder at a resin temperature of 300°C with side feeding of glass fiber (a product 
of Nippon Denki Glass Co., Ltd., treated with aminosilane on the surface, trade name: ECS 03T-O51/P) in such an 
amount that the content of the glass fiber was 30 % by weight and formed into pellets. The obtained pellets were injec- 
tion molded at a resin temperature of 300°C to obtain test pieces. The heat stability was evaluated by using the obtained 
test pieces. The results are shown in Table 4B. 



Table 4A 





Antioxidant 




(B) phenolic antioxidant 


(C) antioxidant containing phosphorus 




type 


amount (part by wt) 


type 


amount (part by wt) 


Example 40 


Irganox 565 


0.5 


Irgafos 168 


0.5 


Example 41 


Irganox 1010 


0.5 


Adekastab HP-10 


0.5 


Example 42 


Irganox 245 


0.5 


Adekastab PEP-36 


0.5 


Example 43 


Irganox 1010 


0.5 


Adekastab PEP-24 


0.5 


Example 44 


Irganox 1010 


0.5 


Adekastab PEP-36 


0.5 


Example 45 


Irganox 1076 


0.5 


Adekastab PEP-36 


0.5 


Example 46 


Adekastab AO-80 


0.5 


Adekastab PEP-36 


0.5 


Example 47 


Irganox 565 


0.75 


Irgafos 168 


0.75 


Example 48 


Irganox 1330 


0.75 


Sandostab P-EPQ 


0.75 


Comparative Example 12 


Irganox 565 


0.5 






Comparative Example 13 


Irganox 565 


1.0 






Comparative Example 14 


Irganox 1330 


1.0 








EP 0 827 979 A1 



Table 4B 





physical properties before heat treat- 


physical properties after heat treatment 




ment 










tensile strencrth (MPa) 


Yl 


tensile strength (MPa) 


retention (%) 


bxampie w 


129 


15 


90 


70 


txarnpie **• i 


130 


15 


90 


69 


txampie 


128 


13 


105 


82 


txampie «*o 


127 


14 


102 


80 


Example 44 


129 


13 


104 


81 


Example 45 


129 


13 


103 


80 


Example 46 


129 


13 


107 


83 


Example 47 


129 


15 


94 


73 


Example 48 


130 


15 


94 


72 


Comparative Example 12 


130 


21 


66 


51 


Comparative Example 13 


129 


20 


70 


54 


Comparative Example 14 


| 129 


20 


70 


54 



Examples 49 to 61 

In Examples 49 to 61 shown in Table 5A r antioxidants shown in Table 5A in amounts also shown in Table 5A were 
30 added to 100 parts by weight of SPS obtained in Preparation Example 1 , and the components were dry blended by a 
Henschel mixer. The obtained mixture was melt kneaded by a twin-screw extruder at a resin temperature of 300°C and 
formed into pellets. The obtained pellets were injection molded at a resin temperature of 300°C to obtain test pieces. 
The heat stability was evaluated by using the obtained test pieces. The results are shown in Table 5B. 
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Table 5A 







Antioxidant 


5 




(B) phenolic antioxidant 


(C) antioxidant containing phos- 
phorus 


(D) antioxidant containing sulfur 






type* 1 


amount (part 
by wt.) 


type* 2 


amount (part by 
wt.) 


type* 3 


amount (part by 
wt) 


10 


example *+y 


Ln. 245 


0.5 


San. HP-10 


0.5 


Sum. TMP 


0.5 




example ou 


Ln. 1010 


0.5 


San. P-EPQ 


0.5 


Sum. TMP 


0.5 




txampie oi 


l.n. 1010 


0.5 


l.f. 168 


0.5 


Sum. TPL-R 


0.5 


15 


txarnpie 


Ade. AO-80 


0.5 


l.f. 168 


0.5 


Sum. TPS 


0.5 




f*^ _ r__T_ i il . . CO 

txarnpie oo 


Ln. 1010 


0.5 


l.f. 168 


0.5 


Sum. TP-D 


0.5 




Example 54 


Ln. 1076 


0.5 


l.f. 168 


0.5 


Sum. TP-D 


0.5 




Example 55 


Ade. AO-80 


0.5 


Li 168 


0.5 


Sum. TP-D 


0.5 


20 


Example 56 


Ln. 245 


0.5 


Ade. PEP-36 


0.5 


Sum. TP-D 


0.5 




Example 57 


Ln. 245 


0.5 


Ade. PEP-36 


0.5 


Sum. TP-D 


0.5 




Example 58 


Ln. 1010 


0.5 


Ade. PEP-36 


0.5 


Sum. TP-D 


0.5 


25 


Example 59 


Ln. 1076 


0.5 


Ade. PEP-36 


0.5 


Sum. TP-D 


0.5 




Example 60 


Ade. AO-80 


0.5 


Ade. PEP-24 


0.5 


Sum. TP-D 


0.5 




Example 61 


Ade. AO-80 


0.5 


Ade. PEP-36 


0.5 


Sum. TP-D 


0.5 



*1 Ln.: Irganox, Ade.: Adekastab 
30 *2 San.: Sandostab, 1.1: Irgafos. Ade.: Adekastab 

*3 Sum.: Sumiiizer 



35 



40 



45 



50 



55 
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Table 5B 





physical properties before heat treat- 


physical properties after heat treatment 




ment 










tensile strength (MPa) 


Yl 


tensile strength (MPa) 


retention (%) 


Examole 49 


51 


2 


39 


76 


UACtl 1 ipiw s^V 


50 


3 


38 


76 


Examole 51 


51 


3 


40 


78 


Eyanrmlp 52 


48 


2 


38 


79 


pYamol© 53 


49 


2 


41 


84 


Example 54 


50 


3 


41 


82 


Example 55 


49 


3 


41 


84 


Example 56 


48 


2 


46 


96 


Example 57 


48 


2 


46 


96 


Example 58 


50 


2 


47 


94 


Example 59 


51 


2 


47 


92 


Example 60 


49 


2 


46 


94 


Example 61 


49 


2 


46 


94 



Examples 62 to 68 

30 In Examples 62 to 68 shown in Table 6A, antioxidants shown in Table 6A in amounts also shown in Table 6A were 
added to 1 00 parts by weight of a resin composition composed of 80 % by weight of SPS obtained in Preparation Exam- 
ple 1 and 20 % by weight of SEBS (a product of Shell Chemical Co., Ltd., trade name: Kraton G-1651). and the com- 
ponents were dry blended by a Henschel mixer. The obtained mixture was melt kneaded by a twin-screw extruder at a 
resin temperature of 300°C and formed into pellets. The obtained pellets were injection molded at a resin temperature 

35 of 300°C to obtain test pieces. The heat stability was evaluated by using the obtained test pieces. The results are shown 
in Table 6B. 
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Table 6A 





Antioxidant 




(B) phenolic antioxidant 


(C) antioxidant containing phos- 
phorus 


(D) antioxidant containing sul- 
fur 




type* 1 


amount (part by 
wt.) 


type* 2 


amount (part by 
wt.) 


type* 3 


amount (part by 
wt.) 


Example 62 


In. 1010 


0.5 


Lf. 168 


0.5 


Sum. TPM 


0.5 


Example 63 


Ln. 1010 


0.5 


l.f. 168 


0.5 


Sum. TP-D 


0.5 


Example 64 


l.n. 1010 


0.5 


Ade. PEP-36 


0.5 


Sum. TP-D 


0.5 


Example 65 


Ln. 1010 


0.5 


Ade. PEP-36 


0.5 


Sum. TP-D 


0.5 


Example 66 


Ln. 1010 


0.5 


Ade. PEP-36 


0.5 


Sum. TP-D 


0.5 


Example 67 


Ade. AO-80 


0.5 


Ade. PEP-24 


0.5 


Sum. TP-D 


0.5 


Example 68 


Ade. AO-80 


0.5 


Ade. PEP-36 


0.5 


Sum. TP-D 


0.5 



M l.n.: Irganox, Ade.: Adekastab 

*2 San.: Sandostab, 1.1: Irgafos, Ade.: Adekastab 

*3 Sum.: Sumilizer 



Table 6B 





physical properties before heat treat- 
ment 


physical properties after heat treatment 




tensile strength (MPa) 


Yl 


tensile strength (MPa) 


retention (%) 


Example 62 


38 


3 


26 


69 


Example 63 


40 


2 


32 


79 


Example 64 


40 


2 


38 


95 


Example 65 


38 


2 


37 


97 


Example 66 


39 


2 


38 


97 


Example 67 


39 


2 


36 


92 


Example 68 


40 


2 


38 


95 



Examples 69 to 73 

In Examples 69 to 73 shown in Table 7 A, antioxidants shown in Table 7A in amounts also shown in Table 7A were 
added to 1 00 parts by weight of a resin composition obtained by adding 3 parts by weight of polyphenylene ether mod- 
ified with maleic anhydride to 100 parts by weight of SPS obtained in Preparation Example 1 , and the components were 
dry blended by a Henschel mixer. The obtained mixture was melt kneaded by a twin-screw extruder at a resin temper- 
ature of 300°C with side feeding of glass fiber (a product of Nippon Denki Glass Co., Ltd., treated with aminosilane on 
the surface, trade name: ECS 03T-051/P) in such an amount that the content of the glass fiber was 30 % by weight, and 
formed into pellets. The obtained pellets were injection molded at a resin temperature of 300°C to obtain test pieces. 
The heat stability was evaluated by using the obtained test pieces. The results are shown in Table 7B. 
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Table 7A 





Antioxidant 




(B) phenolic antioxidant 


(C) antioxidant containing phos- 
phorus 


(D) antioxidant containing sul- 
fur 




type* 1 


amount (part by 
wt.) 


type* 2 


amount (part by 
wt) 


type* 3 


amount (part by 
wt.) 


Example 69 


Ln. 1010 


0.5 


Ade. HP-10 


0.5 


Sum. TPS 


0.5 


Example 70 


l.n. 1010 


0.5 


Ade. HP-10 


0.5 


Sum. TP-D 


0.5 


Example 71 


Ln. 1010 


0.5 


Ade. PEP-24 


0.5 


Sum. TP-D 


0.5 


Example 72 


Ln. 1010 


0.5 


Ade. PEP-36 


0.5 


Sum. TP-D 


0.5 


Example 73 


Ade. AO-80 


0.5 


Ade. PEP-36 


0.5 


Sum. TP-D 


0.5 



*1 Ln.: Irganox, Ade.: Adekastab 

*2 San.: Sandostab, IX: Irgafos, Ade.: Adekastab 

*3 Sum.: Sumilizer 



Table 7B 





physical properties before heat treat- 


physical properties after heat treatment 




ment 










tensile strength (MPa) 


Yl 


tensile strength (MPa) 


retention (%) 


Example 69 


138 | 


19 


108 


78 


Example 70 


138 


18 


116 


84 


Example 71 


139 


17 


138 


98 


Example 72 


137 


18 


138 


101 


Example 73 


138 


17 


138 


100 



Examples 74 to 79 

In Examples 74 to 79 shown in Table 8A. antioxidants shown in Table 8A in amounts also shown in Table 8A were 
added to 100 parts by weight of a mixture obtained by adding 3 parts by weight of polyphenylene ether modified with 
maleic anhydride to 100 parts by weight of a resin composition composed of 90 % by weight of SPS obtained in Prep- 
aration Example 1 and 10 % by weight of SEBS (a product of Shell Chemical Co.. Ltd., trade name: Kraton G-1651), 
and the components were dry blended by a Henschel mixer. The obtained mixture was melt kneaded by a twin-screw 
extruder at a resin temperature of 300°C with side feeding of glass fiber (a product of Nippon DenW Glass Co.. Ltd.. 
treated with aminosilane on the surface, trade name: ECS 03T-051/P) in such an amount that the content of the glass 
fiber was 30 % by weight, and formed into pellets. The obtained pellets were injection molded at a resin temperature of 
300°C to obtain test pieces. The heat stability was evaluated by using the obtained test pieces. The results are shown 
in Table 8B. 
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Table 8A 



5 




Antioxidant 




(B) phenolic antioxidant 


(C) antioxidant containing phos- 
phorus 


(D) antioxidant containing sul- 
fur 






type* 1 


amount (part by 
wt.) 


type* 2 


amount (part by 
wt.) 


type* 3 


amount (part by 
wt.) 


10 


Example 74 


Ln. 1010 


0.5 


San. P-EPQ 


0.5 


Sum. TPM 


0.5 




Example 75 


l.n. 1010 


0.5 


San. P-EPQ 


0.5 


Sum. TP-D 


0.5 




Example 76 


Ln. 245 


0.5 


Ade. PEP-36 


0.5 


Sum. TP-D 


0.5 


15 


Example 77 


Ln. 1010 


0.5 


Ade. PEP-36 


0.5 


Sum. TP-D 


0.5 




Example 78 


Ln. 1076 


0.5 


Ade. PEP-36 


0.5 


Sum. TP-D 


0.5 




Example 79 


Ade. AO-80 


0.5 


Ade. PEP-36 


0.5 


Sum. TP-D 


0.5 



*1 l.n.: lrganox, Ade.: Adekastab 
20 *2 San.: Sandostab, l.f.: Irgafos, Ade.: Adekastab 

*3 Sum.: Sumilizer 



Table 8B 





physical properties before heat treat- 
ment 


physical properties after heat treatment 




tensile strength (MPa) 


Yl 


tensile strength (MPa) 


retention (%) 


Example 74 


128 


14 


102 


80 


Example 75 


130 


14 


113 


87 


Example 76 


130 


13 


129 


99 


Example 77 


129 


13 


129 


100 


Example 78 


130 


13 


128 


98 


Example 79 


128 


13 


129 


101 



40 

INDUSTRIAL APPLICABILITY 

As described above, the polystyrenic resin of the present invention is a resin composition having remarkably 
increased heat stability and durability while the proper characteristics of SPS, such as heat resistance, chemical resist- 
45 ance, impact resistance, and mechanical strength, are maintained. Therefore, the resin composition of the present 
invention can be used as the material for molded articles particularly when heat stability in processing is required, for 
example, when a relatively high molding temperature or a relatively long residence time is required. The resin compo- 
sition of the present invention is advantageously used also as the material for molded articles to which excellent resist- 
ance to heat aging is required. 

so Specifically, the application of the resin composition of the present invention can be expanded in the field of molded 
articles to which a low specific gravity, high strength, high heat resistance, high chemical resistance, high resistance to 
hydrolysis, low permittivity, or high durability is required. The resin composition is particularly advantageous in the field 
of mechanical parts, electric and electronic parts, films, and fibers to which heat resistance is required. 

55 Claims 

1 . A polystyrenic resin composition which comprises 1 00 parts by weight of (A) (a-1 ) a styrenic polymer having a syn- 
diotactic configuration, 0.005 to 5.0 parts by weight of (B) a phenolic antioxidant, and 0.005 to 5.0 parts by weight 
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of an antioxidant containing phosphorus. 

2. A polystyrenic resin composition which comprises 1 00 parts by weight of (A) a resin comprising 1 to 99 % by weight 
of (a-1) a styrenic polymer having a syndiotactic configuration and 99 to 1 % by weight of (a-2) a thermoplastic resin 
and/or a rubbery elastomer; 0.005 to 5.0 parts by weight of (B) a phenolic antioxidant; and 0.005 to 5.0 parts by 
weight of (C) an antioxidant containing phosphorus. 

3- A polystyrenic resin composition comprising 1 00 parts by weight of (A) a resin comprising 99.9 to 90.0 % by weight 
of (a-1) a styrenic polymer having a syndiotactic configuration and 0.1 to 10.0 % by weight of (a-3) a polymer exhib- 
iting compatibility with or affinity for component (a-1) and having a polar group; 0.005 to 5.0 parts by weight of (B) 
a phenolic antioxidant; and 0.005 to 5.0 parts by weight of (C) an antioxidant containing phosphorus. 

4. A polystyrenic resin composition which comprises 100 parts by weight of (A) a resin obtained by mixing 100 parts 
by weight of a resin comprising 1 to 99 % by weight of (a-1) a styrenic polymer having a syndiotactic configuration 
and 99 to 1 % by weight of (a-2) a thermoplastic resin and/or a rubbery elastomer with 0.1 to 10.0 parts by weight 
of (a-3) a polymer exhibiting compatibility with or affinity for component (a-1) and having a polar group; 0.005 to 5.0 
parts by weight of (B) a phenolic antioxidant; and 0.005 to 5.0 parts by weight of (C) an antioxidant containing phos- 
phorus. 

5. A polystyrenic resin composition which comprises 100 parts by weight of the resin of component (A) described in 
Claim 1 , 0.005 to 5.0 parts by weight of (B) a phenolic antioxidant, 0.005 to 5.0 parts by weight of (C) an antioxidant 
containing phosphorus, and 0.005 to 5.0 parts by weight of (D) an antioxidant containing sulfur. 

6. A polystyrenic resin composition which comprises 100 parts by weight of the resin of component (A) described in 
Claim 2. 0.005 to 5.0 parts by weight of (B) a phenolic antioxidant, 0.005 to 5.0 parts by weight of (C) an antioxidant 
containing phosphorus, and 0.005 to 5.0 parts by weight of (D) an antioxidant containing sulfur. 

7. A polystyrenic resin composition which comprises 100 parts by weight of the resin of component (A) described in 
Claim 3, 0.005 to 5.0 parts by weight of (B) a phenolic antioxidant, 0.005 to 5.0 parts by weight of (C) an antioxidant 
containing phosphorus, and 0.005 to 5.0 parts by weight of (D) an antioxidant containing sulfur. 

8. A polystyrenic resin composition which comprises 100 parts by weight of the resin of component (A) described in 
Claim 4, 0.005 to 5.0 parts by weight of (B) a phenolic antioxidant, 0.005 to 5.0 parts by weight of (G) an antioxidant 
containing phosphorus, and 0.005 to 5.0 parts by weight of (D) an antioxidant containing sulfur. 

9. A polystyrenic resin composition according to any of Claims 1 to 4, wherein the phenolic antioxidant of component 
(B) is represented by general formula (I): 



wherein R 1 represents methyl group or t-butyl group, A represents a residue group obtained by eliminating n 
hydroxy! groups from an alcohol having 1 to 4 hydroxyl groups, and n represents an integer of 1 to 4; and the anti- 
oxidant containing phosphorus of component (C) is represented by general formula (II): 




- (I) 
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wherein R 2 and R 3 each independently represents an alky! group, an aryl group, or an alkylaryl group. 

1 0- A polystyrenic resin composition according to any of Claims 5 to 8, wherein the phenolic antioxidant of component 
(B) is represented by general formula (I): 



(CH 3 ) 2 a 

HO — (O) - CH 2CH 2 COO- 
R 1 ' 




(I) 



n 



wherein R 1 represents methyl group or t-butyl group, A represents a residue group obtained by eliminating n 
hydroxyl groups from an alcohol having 1 to 4 hydroxyl groups, and n represents an integer of 1 to 4; the antioxidant 
containing phosphorus of component (C) is represented by general formula (II): 



r2_ OP ^ / P °- rS 

^och/ x ch 2 o-^ 



(II) 



wherein R 2 and R 3 each independently represents an alkyl group, an aryl group, or an alkylaryl group; and the anti- 
oxidant containing sulfur of component (D) is represented by general formula (III): 



(R 4 -S-CH 2 CH 2 -CO-CH 2 ) 4 C 
O 



(ni) 



wherein R 4 represents an alkyl group having 6, 12. or 18 carbon atoms. 

11. A polystyrenic resin composition which comprises 100 parts by weight of the polystyrenic resin composition 
described in Claim 1 and 1 to 350 parts by weight of (E) an inorganic filler. 

12. A polystyrenic resin composition which comprises 100 parts by weight of the polystyrenic resin composition 
described in Claim 2 and 1 to 350 parts by weight of (E) an inorganic filler. 

13. A polystyrenic resin composition which comprises 100 parts by weight of the polystyrenic resin composition 
described in Claim 3 and 1 to 350 parts by weight of (E) an inorganic filler. 

14. A polystyrenic resin composition which comprises 100 parts by weight of the polystyrenic resin composition 
described in Claim 4 and 1 to 350 parts by weight of (E) an inorganic filler. 
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15. A polystyrenic resin composition which comprises 100 parts by weight of the polystyrenic resin composition 
described in Claim 5 and 1 to 350 parts by weight of (E) an inorganic filler. 

16. A polystyrenic resin composition which comprises 100 parts by weight of the polystyrenic resin composition 
5 described in Claim 6 and 1 to 350 parts by weight of (E) an inorganic filler. 

17. A polystyrenic resin composition which comprises 100 parts by weight of the polystyrenic resin composition 
described in Claim 7 and 1 to 350 parts by weight of (E) an inorganic filler. 

w 18. A polystyrenic resin composition which comprises 100 parts by weight of the polystyrenic resin composition 
described in Claim 8 and 1 to 350 parts by weight of (E) an inorganic filler. 

19. A molded article which is prepared by using a polystyrenic resin composition described in any of Claims 1 to 8 and 
Claims 11 to 18. 
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